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(71) : We, \ TEXACO DEVELOP- 
MENT CORPORATION, a Corporation 
organized and dcisting under the laws of the 
; State of Delaware, United States of America^ 

5 . of 135 East 42nd Street, New York, New 
York 10017, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to U5, 
and the method by which it is to be per- 

10 formed, to be particularly described in and 
by the following statement: — 

This invention is concerned wi± a lubricat- 
ing oil composition for a gas turWne or jet 
engine. Gas turbine aircraft engines are 

15 operated under extreme environmaital con- 
ditions. External atmospheric temperatures 
are generally bdow zero and internal engine 
temperatures are 400^5G0*F or above. These 
operating conditions put severe stresses on 

20 the lulnicating oil, so much so that the most 
advanced mineral lubricating oil compositions 
cannot be employed in gas turbme engines. 

Synthetic ester base lubricatmg oH com- 
positions containiiig a critically balanc^ 

25 blend of additives are being employed for 
lubricating ps turbine ragines. These ester 
base oils are usable over a wide temperature 
range and exhibit good tiiermal s^bility, 
anti-wear, load-carrying and anti-oxidation 

30 pix^perties. 

With the advent of advanced, more power- 
ful gas turbine engines, high^ thermal and 
oxidative stresses are imposed on the lubricat- 
ing oil composition. The present invention is 

35 directed to an improved higji load carrying 
synthetic ester base lubricating oil composi- 
tion having improved deposit control pro- 
perties. 

U.S. Patent No. 3,330,763 discloses a syn- 
40 thetic lubricating oil composition having im- 
proved load-carrying properties employing an 
ester base oil containing in combination an 
ammoium thiocyanate and a cyclic amine 
compoimd of the type represented by pbiaiyl- 
45 alpha-napthyl-amine. 

British Patents No. 1,180,386 to 1,180,389 
disclose synthetic InbricatiDg oil compositicms 

\PKce S3p] 



containing, infer alia a copper passivator, 
which may be of the Azole type, or a con- 
densation product of a salicylaldehyde and a 
hydrazine derivative, as well as amine anti- 
oxidants and varies other additives. 

The synthetic lubricating oil composition of 
this invention having improved dqpbsit con- 
trol properties comprises a major proportion 
of an aUi^atic ester base cSL having lubricat- 
ing properties formed from the reaction of 
pentaerythritol, a polypentaeiydiritol or tri- 
methytolpropane and an organic monocarb- 
oxylic and having from 2 to 18 carbon atoms 
per molecule containing (A) from 0.01 to 
2.5 weight percent of an ammonium thio- 
cyanate represented by the formula: 



RNR'R"R'"SCN 

in ^ich R is a bydrocarbyl or amino-sub- 
stituted hydrocaibyl group having from 1 
to 30 carbon atoms or a radical having tiie 
foimula: 

R' 

-R'"'NR''SCN 
R'" 

in which R"'' is a Ixidging pdymethyiene 
radical having from 2 to 4 carbon atoms, and 
R', R" and R'" represent hydrogen or a 
hydrocarbyl group having 1 to 30 carbon 
atomsi, (B) from 0.4 to 2 weight pcrcoit of a 
polyhydroxy-substitutcd anthraquinone iep»- 
sentied by the formula: 
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in which X, Y and Z each represent hydrogen 
or a hydroxy! group and at least one of itee 
is a hydroxyl group, and (Q from 0.001 to 
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0.1 weight percent of a 3 - amino - IH - 
1,2,4 - triazole having the fonnula : 

i ■ I 

HC M 

in which R is hydrogen or an alkvl radical 

-> having from 1 to 3 carbon atoms. 

This invention is based on the discovery 
that an ester base lubricating oil composidon 
containing the fore-going additive comhina- 
tion has superior oxidative stability. While 

A" certain ester base lubricating oil compositions 
containing ammonium thiocyanates in com- 
bination with cyclic amines have effective 
load-carrying properties, the present highlv 
specific additive combination in a particular 
fluid formulation provides a surprising and 
outstanding improvement in oxidative 
stability and deposit control. 

The base fluid component of the lubricant 
of the invention is an ester-base fluid pre- 
pared from pentaerytiiritol, a polypentaery- 
thritol or trimetiiylolpropane and a C— C„ 
monocarboxylic acid or a mixture of such 
acids. Polypentaerythritols include dipentaery. 
thritoi, iripentaerythritol and tetrapentaery- 

25 diritol. ^ 
The hydrocarbyl monocarboxylic acids 
which are used to form the ester-base fluid 
mclude the straight-chain and branched-chain 
aliphatic acids, cyrioaliphatic adds and 

30 aromatic adds, and also mixtures of tiiese 
acids. The adds employed have from 2 to 18 
carbon atoms per molecule, die preferred 
members having from 5 to 10 carbon atoms. 
Examples of suitable acids are acetic, pro- 

3d picnic, but5 ric, valeric, isovaleric, caproic, de- 
canoic^ cydohcxanoic, naphtfaenic, benzoic, 
phcnylaceuc, tertiary-butylacetic and 2-ethyl- 
hexanoic adds. 
In general, the acids are reaaed in pro- 

40 portions leading to a completely esterified 
peniaerydiritol, polypentaerythritol or tri- 
metiiylolpropane with the preferred ester 
bases being rhc pentaerytiiritol tetraesters. 
Examples of commercially available tctra- 

45 esters indude pentaerytiiritol tetracaproate, 
which is prepared from purified pentaery- 
thritol and crude caproic add containing 
• monobasic acids. Anotiier 

suitable tetraester is prepared from a techni- 

50 cal grade pentaerytiiritol and a mixture of 
aads comprising 38 percent valeric, 13 per- 
cent 2.inetiiyl-pentanoic, 32 percent octanoic 
and 17 percent pelargonic acids. Anotiier 
effective ester is tiie triester of trimctiiolo- 

55 propane in ^ich tiie trimetholopropane is 
esterified with a monobasic add mixture con- 
sisting of 2 percent valeric^ 9 percent caproic, 
percent heptanoic, 7 oercent octanoic, 3 
percent capiyKc, 65 percent pelargonic and 

60 1 percent capric acids. Trimcdiylolptopanc 



tripheptanoate, trimethylolpropane pentano- 
atc and trimetiiylolpropane hexanoate are 
also suitable esttr bases. 

The ester base comprises the major por- 
tion of the fully formulated synthetic ester 65 
base lubricating oil composition. The ester 
base normally constitutes at least 90 per- 
cent of the lubricating oil composition aiui 
generally will comprise from 90 to 98 per- 
cent of the lubricant 70 

The ammonium thiocyanate component of 
the lubricating oil composition of the in- 
vention is represented by the formula: 

RNR'R"R'"SCN 

in which R is a hydrocarbyl or amino-sub- 75 
stituted hydrocarbyl group having from 1 to 
30 carbon atoms or a radical having the 
formula: 



-R""NR"SCN 

in wluch R"" is a bridging polymetiiylene 80 
radical having from 2 to 4 carbon atoms, and 
R', R" and R'" may be alkyl, cyclo-alkyl, 
aryl or mixed hydrocarbyl groups. In tiic 
preferred compounds, R is an aliphatic 
hydrocarbon radical having from 8 to 22 car- 85 
bon atoms and R', R" and R'" are hydrogen 
or an aliphatic hydrocarbon radical having 
from 1 to 4 carbon atoms. 

Effective ammonium thiocyanates include 
bis - (2 - etiiylhexyl) - ammonium thio- 90 
cyanate, ten. - C„_2, alkyl-ammonium tiiio- 
cyanaie, sec.-Q„.u alkylammonium thio- 
cyanate, tert.-octylammonium thiocyanate, n- 
dodccylammonium titiocyanatc, tert-Q.,^- 
mylammonium tiiiocyanate, nonylammonium 95 
tiiiocyanatc, iautylammonium thiocyanate, 
stearylaramonium thiocyanate, dimethyi-2. 
etiiylhexylammonium thiocyanate, dibutyl- 
octylammonium thiocyanate, N,N'-di-(t- 
octyI)-l,2-ctiianediammom*um tiiiocyanate and 100 
N,N ) - di - Ct - C„_,, alkyl - 1,2 - ctiianedi- 
ammomum tiiiocyanate. The ammonium 
thiocyanate is normally employed at a con- 
centration from 0,01 to 2.5 weight percent 
wnh tiie preferred amount being from 0.05 to 105 
0.5 percent. 

Another essential component of die lubricat- 
ing oil composition is a polyhydroxy-sub- 
sututed antiiraquinonc inhibitor represented 
by the formula: no 
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in vMch X Y and Z each represent hydrogen 
or a hydroxyl group and at least (me of 
these is a hydroxyl group. It is essential that 
the polyhydroxy-substituted anthraquinone 
5 has me proper structure. This compound 
must have at least two hydroxyl groups and 
both of these must be attached to the ring 
carbon atoms in die dpha-po^on to the 
quinone ring i.e. or positions 1 and 4, 5 or 8. 

10 Additional hydroxyl groups may be present 
without changing the ectiveness of the 
noted compounds. Compounds having only 
one hydroxyl group and compounds having 
more than one hydroxyl group but with only 

15 one on die I, 4, 5 and 8 carbon positions 
are not effective in the present invention. 
The specific polyhydroxy-substituted 
anthraquinones noted above must be employed! 
with the prescribed ammonium thiocyanate 

20 and witii the prescribed 3-amino-lH-l3254- 
triazole to provide the improved lubricating 
oil composition of the invention. 

Examples of effective polyhydroxy-sub- 
stituted anthraquinones iudude l34-dihydra^- 

25 anthraquinone, 1,5-dihydroxyanthraquinone, 
lA4-tiihydroxyanihraquinone and 1,2^,8- 
tetrahydroxyanthraquinone. 

The ineffective hydroxy-substitated 
andiraquinones include l-hydroxyantiua- 

30 quinone, S-hydroxyanthraquinone^ 1,2-di- 
hydroxyanthraquinone and 256-dihydroxy- 
anthraqumone. 

The effective polyhydroxy-substituted 
anthraquinone inhibitor is employed in a 

35 concentration of from 0.04 to 2.0 weigjht per- 
cent of the lubricating oil conipositicHi wilii 
the preferred concentration being bam 0.05 
to 0.25 weight percent. It is essential to 
observe the lower concentration limit for the 

40 inhibitor, since amounts at 0.035 wei^t per- 
cent concentration do not provide the hn- 
provements of die invention. 

A furdier essent^ component of the 
lubricating oil composition is a 3-ammo-lH- 

45 1,2,4-triazQle having die formula: 

I • f ■"'^ 

"V" ■ 

in which R is hydrogen or a alkyl radical 
having from 1 to 3 carbon atoms. Spedfic 
members of this class include 3-amino-lH- 

50 I,2,4-triazole3 3-methylamino-lH-lA4-tri- 
azole, 3-ethylaminO"IH-lA4-triazoIe and 3- 
dimetiiylamino-lH-lA4-tria2Qle. 

The 3-aminolH-lA4-triazole is employed 
at a concentration of from 0.001 to 0.1 wei^t 

55 percait amounts, equivalent to 10 to 1000 
p.p.m. (parts per million). The preferred 
concentration is from 0.003 to 0.5 weight 
percent vnxh die most preferred range bSg 
from 0.005 to 0.02 weight percent 



TTie c^ectiveness of die lubricating oil 60 
con^)ositions of the invention is enhanced by 
the addition of other additives to the oil 
composition. Alkyl- or alkaryl-phenyl naph- 
thylamines are hi^y effective anti-oxidants 
for synihttic hibricating oils. These com- 65 
pounds are represented by the formula: 

m which R is an allyl or alkaryl radical 
having from 4 to 12 carbon atoms. This 
radical cp be a strai^t- or branched^Jiam 70 
^1 radical widi the tertiary dkyl structure 
bemg preferred, or it can be an alkaryl radi- 
cal. The naphdiylamine can be eitiier an 
aiphA. or &c^a-naphtiiylaminc. Specific effec- 
tive compounds d tins class include N - O - 75 
t - octylphenyl) - « - naphtiiylamme, N - 
^.u^^^^^""^? - 6 - cmnyl - ^ - naph- 
^y^^^ N - 0^ - t - octylphenyl) - - 
naphtiiyiamme and tiie correspondine <J-^ 
dodecylphenyl, p-^butylphenyl, and />- 80 
daiecylphenylna- and -j3-naphthylamines. An 
effective concentration for tills additive is an 
amount from 0.5 to 2.5 wei^t percent. 

Another effective anti-oxidant for the lub- 
n^tmg oil composition of die invention, 85 
wmch may if desired be used simultaneously 
with the alkyi- or alkaryl-phenyl naphtiiyl- 
anun^ is a dialkyldiphenylamine represented 
by the formula: 



90 



m which R is an alkyl radical having from 
4 to 12 carbon atoms. Examples of these 
amines include p,p'-di-tert-octyldiphenyl- 
amm^ didecyldiphenylamine, didodecyldi- 
phenylamine, and dihexyJdipheuylamine. p,p'- 95 
di-tert.-octyldiphenylamine is die preferred 
compound and the preferred concentration is 
from 0.5 to 2.0 percent 

A valuable anti-wear component for a 
^tiietic lubricating oil compositicHi is a 100 
hydrocarbyl phosphate, rq}resented by the 
foimula (RO)3PO, in which R is a hydro- 
carbjl radical having from 2 to 12 carbon 
atoms. The hydrocarbyl radical can be an 
alkyl, aryl, alkarji, cycloalkyl or aralkyl 105 
radical of the prescribed carbon number, al- 
tiiough radicals having from 4 to 8 carbon 
at<Hns are preferred. Effective compounds in- 
clude tricresyl pho^hate, cresyl diphoiyl 
pho^hate, triphmyl phosphate, tributyl 110 
phosphate, tri-(2-ediylhexyl) phosphate and 
tricyclohexyl phosphate. These compounds 
are generally employed in a luhricamig oil 
composition in a concentration of from 0.5 
to 5 percent. 115 

The lubricating oil composition of the in- 
vention was tested for its marked improve- 



1,402,697 



10 



15 



ment in deposit control properties in the 
Alcor Deposition Test and for its resistance 
to oxidation and particularly reduced cor- 
rosivity to copper in the 425''F/48 Hour 
Oxidation-Corrosion Test. The lubricating oil 
composition must pass the Alcor Deposition 
Test in order to qualify against the U.S. 
Navy's XAS-2354 specification. 

The Alcor Deposition Test is described in 
the foregoing U.S. Navj' specification and is 
designed to determine gas turbine lubricant 
dqjosit and degradation charaacristics. In 
this test, the wl is circulated at 300 ml/min. 
together with humidified air injection at 
1000 ml/min. through a heater tube main* 
tained at 550^F. for a period of 48 hours. 
Initial maximum tube temperature is fixMn 
675— 700" F. The deposits formed in the 
tube are weighed or the test is terminated 
20 when the tube temperature reaches 900**F. 
The 425"F/48 Hr. Oxidation-Conosion 
Test is conducted in accordance with Method 
5308.4 of Federal Test Method and Stan- 
dard No. 791a (issued December 31, 1969) 
25 exect for modifications to conform to Pratt 
and WWmey 521-B specifications. The barfi 
temperature is maintained at 425''F±1° 
Fahrenheit instead of at 250 ^F and the test 
is conducted for a period of 48 hours instead 
30 of 168 hours as specified in the original test. 
The ester base oil employed in preparing 
the lubricating oil compositions tested below 
was a technical grade pentaerythritol con- 



taining a minor amount of dipentaerythritol 
estcrificd with a mixture of fany acids com- 35 
prising (in mole percent) approximately 38 
percent valeric, 13 percent 2-methyI-pent- 
anoic^ 32 percent n-octanoic and 17 percent 
pelargonic add and in which the average acid 
carbon chain lengdi is about 6.5. 40 

This ester base oil had the following pro- 
perties: 

Viscosity, cS at 210**F 5.05 
Viscosity, cS at 100^ F 26.0 
Viscosity', cS at -40"F 7683 45 

Viscosity Index 140 
Flash, "F 505 

Two Base Fluids were prepared employing 
the fore^ing ester base oil. 

Base Fluid A consisted of 1.0 weight per- 50 
cent of p,p'-di-tert-octyldiphenylamine, 1.5 
weight percent of N-(p-^octylphenyl)-l- 
naphthyiamine, 2.0 weight percent triciesyl 
phosphate, 0.1 weight percent ^C^-^.o- 
alkyl-primary amine salt of thioc>'anic acid, 55 
0.1 weight percent quinizarin and the balance 
the ester base referred to above. 

Base Fluid B was similar except that it 
contained 1.5 weight percent of N-4-cumyl- 
phenyl)-6-cumyl-2-naphthYlamine in place of 60 
the N-(/)-NoctyIphcnyl)-l-naphthylanune. 

I'he results of the Alcor Deposition Test 
arc set forth in Table I below. 
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Run Base Fluid 



1. 

2. 
3. 
4. 
5. 
6. 



A 
B 
A 
A 
B 
B 



TABLE I 
Alcor Deposition Test 

Additive & Cone. 

none 
none 

3-'amino-lH-l,2,4-tria2ole, 50 ppm 
3-amino-lH-l,2,4-tria2ole, 100 ppm 
3-amino-lH-lA4-Tria2ole, 50 ppm 
3-amina-lH«lA4-ma2ole, 100 ppm 



DepodtSjmg 

11.1 
21.0 

4.7 

4.9 

5.2 

8.1 



The foregoing examples illusttate an im- 
expected reduction in engine deposits as 
measured by the Alcor Deposition Test In 
the case of Base Fluid A, deposits were re- 
duced by over 50 per cent at concentration 
levels of 50 and 100 weight parts per million. 

In the case of Base Fluid B, deposits were 



reduced by from 60 to 75 per cent at two 
different levels of additive concentration. 

The results of the Oxidaiion-Corrosion 
Test on Copper corrosion are given in Table 
II below wherein blends containing the addi- 
tive of the invention are compared to Base 
Fluid A. 



TABLE II 

425"F/48-Hour Oxidation-Corrosion Test 

Metal Wei^ 



Run 

1 

2 



Blend Identification 

Additive 

None 
3-Amino-lH-lA4- 

triazole 
3-Amino-lH-l,2,4- 

triazole 



Cone, 
ppm 



50 
100 



Change(mg/cm=) 

TAN INCR. Cu. Base' Fluid 
2.60 -1.78 A 

2.45 -0.49 A 

1.90 -0.47 A 
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WHAT WE CLAIM IS: — 

1. A synthetic lubricatiiig oil composition 
comprising a major proportion of an aliphatic 
ester base oil having lubricating properties 
formed from the reaction of pentaerydmtol, 
a palypentaerydirifctol or trimethylolpropane 
and an organic moaocarboxylic add having 
from 2 to 18 carbon atoms per molecular con- 
taining: 

A. From 0.01 to 2.5 weight percent of an 
ammonium thiocyanate represented by the 
formula: 

RNR'R"R"'SCN 

in which R is a hydrocarbyl or an amino- 
substituted hydrocarbyl group having 
from 1 to 30 carbon atoms or a radical 
having the formula: 



-R""NR"SCN 



3, A lubricating oil composition as daimed 
m claim 1 or 2 and additionally containing 45 
horn 0.5 to 2.5 weight percent of a naph- 
thylamine represented by the formula: 



"-O-=-O0 

in which R is an alkyl or alkaryl radical hav- 
ing from about 4 to 12 carbon atoms. 50 

4. A lubricating oil composition as claimed 
m any preceding claim and additionally con- 
taining from 0.5 to 2.0 percent of a dialkyl- 
diphenylamine represented by die formula: 



20 



25 



in which R"'' is a bridging polymethylene 
radical having from 2 to 4 carbon atoms^ 
and R', R" and R'" represent hydrogen 
or a hydrocarbyl group having frran 1 to 
30 carbon atoms^ 

From 0.04 to 2 weight percent of a poly- 
hydroxy-substituted anthraquinone repre- 
sented by the f onnula : 



30 



35 



40 




in which X, Y and Z eadi represent 
hydrogen or a hydroxyl group and at least 
one of ±ese is a hydroxyl group, and 
C. Fnraa 0.001 to 0.1 weig^it percent of a 3- 
aminD-lH-l,2,4-triazde having the 
formula: 



C - NR, 



HC^ N 



in which R is hydrogen or an alkji radical 
having from 1 to 3 carbon atoms. 
2. A lubricating oil compoation as daimed 
in claim 1 containing from 0.05 to 0.5 wd^ 
percent of said ammonium thiocyanate, from 
J.05 to 0.25 weight percttit of said poly- 
hydroxy-substituted anthraquinone, and from 
0.003 to 0.05 wdgjjt percent of said 3-amino- 
lH-l^,4-triazole. 



in which R is an alkyl radical having from 4 
to 12 carbcHi atoms. 

5. A lubricating oil composition as claimed 
m any preceding daim, and additionally con- 
taining from about 0.5 to 5 percent of a 
hydrocarbyl phosphate represented by the 
fomiula: 

(R0)3P0 

in which R is a hydrocarbyl radical having 
from 2 to 12 carbon atoms. 

6. A lubricating oil composition as daimed 
in claim 3 in which said naphdiylamine is N- 
(^/-octyl-phcnyl)-^naphA34amine. 

7. A composition as clanned in daim 4 in 
which said diphenylamine is p,p^-di-tert,- 
oct^diphenylamine. 

8. A composition as daimed in claim 5 in 
which said hydrocarbyl phosphate is tricresyl 
phosphate, 

9. A lubricating oil compoation as claimed 
in any preceding claim, in which said poly- 
hydroxy-substituted andiraquinone is quini- 
zarin or purpurin. 

10. A lubricating oil composition as 
claimed in any preceding daim, in which said 
triazole is 3-methylamino-lH,-l^,4-triazole 
or 3-amino-lH-l^,4-tria2ole. 

11. A lubricating oil composition as 
daimed in any of daims 1 to 9, in which 
^d triazole is 3-eth54amino-lH-lA4-tri- 
azole or 3-dimethylamino-lH-l^,4-triazole. 

12. A lubricating oil composition as daimed 
in any preceding daim, in whidi said am- 
monium thiocyanate is NJN'-di-(tertiary- 
octyl)-l,2-ethanediammonium thiocyanate or 
diisobutyiammonium thiocyanate. 

13. A lubricating oil compoation as claimed 
in any of claims 1 to 11, in which said 
ammonium thiocyanate is t&Tt'Ci^j^ alkylr 
ammoniimi thiocyanate or Nj5r'-di-(tttt.- 
Cig-2a-alk34>-l,2-ethanediammonium thio- 
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cyanate or bis-2-ethylhexyIanimomum duo- MICHAEL BURNSmE & PARTNERS, 
O^anate. Chartered Patent Agents, 

14. A lubricating oil composition as claimed Hancock House, 

in claim 1 and substantially as hereinbefore 87 Vincent Square, 

described with reference to any of the London SWIP 2PH. 

Examples. Agents for the Applicants. 

Prini^d for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa. 1975- 
Published by Tlie Patent Office. 25 Southampton Buildings, London, WC2A lAY, from 
vhidi copies may be obtained. 



